The influence of the substituent at the C2 position on the hydrogen-bonding patterns is compared for a series of five related compounds, namely (AE)-3-exo,6-exo-dibromo-5-endohydroxy-3-endo-nitrobicyclo[2.2.1]heptane-2-exo-carbonitrile, C 8 H 8 Br 2 N 2 O 3 , (II), (AE)-3-exo,6-exo-dibromo-6-endo-nitro-5-exo-phenylbicyclo[2.2.1]heptan-2-endo-ol, C 13 H 13 Br 2 NO 3 , (III), (AE)-methyl 3-exo,6-exo-dibromo-5-endo-hydroxy-3-endo-nitrobicyclo[2.2.1]heptane-2-exo-carboxylate, C 9 H 11 Br 2 NO 5 , (IV), (AE)-methyl 3-exo,6-exo-dibromo-7-diphenylmethylidene-5-endo-hydroxy-3-endo-nitrobicyclo[2.2.1]heptane-2-exo-carboxylate, C 22 H 19 Br 2 NO 5 , (V), and (AE)-methyl 3-exo,6-exodibromo-5-endo-hydroxy-3-endo-nitro-7-oxabicyclo[2.2.1]heptane-2-exo-carboxylate, C 8 H 9 Br 2 NO 6 , (VI). The hydrogenbonding motif in all five compounds is a chain, formed by O-HÁ Á ÁO hydrogen bonds in (III), (IV), (V) and (VI), and by O-HÁ Á ÁN hydrogen bonds in (II). All compounds except (III) contain a number of BrÁ Á ÁBr and BrÁ Á ÁO halogen bonds that connect the chains to each other to form two-dimensional sheets or three-dimensional networks. None of the compounds features intramolecular hydrogen bonding between the alcohol and nitro functional groups, as was found in the related compound (AE)-methyl 3-exo,6-exo-dichloro-5-endohydroxy-3-endo-nitrobicyclo[2.2.1]heptane-2-exo-carboxylate, (I) [Boeyens, Denner & Michael (1984b) . J. Chem. Soc. Perkin Trans. 2, pp. 767-770]. The crystal structure of (V) exhibits whole-molecule disorder.
The influence of the substituent at the C2 position on the hydrogen-bonding patterns is compared for a series of five related compounds, namely (AE)-3-exo,6-exo-dibromo-5-endohydroxy-3-endo-nitrobicyclo[2.2.1]heptane-2-exo-carbonitrile, C 8 H 8 Br 2 N 2 O 3 , (II), (AE)-3-exo,6-exo-dibromo-6-endo-nitro-5-exo-phenylbicyclo[2.2.1]heptan-2-endo-ol, C 13 H 13 Br 2 NO 3 , (III), (AE)-methyl 3-exo,6-exo-dibromo-5-endo-hydroxy-3-endo-nitrobicyclo[2.2.1]heptane-2-exo-carboxylate, C 9 H 11 Br 2 NO 5 , (IV), (AE)-methyl 3-exo,6-exo-dibromo-7-diphenylmethylidene-5-endo-hydroxy-3-endo-nitrobicyclo[2.2.1]heptane-2-exo-carboxylate, C 22 H 19 Br 2 NO 5 , (V), and (AE)-methyl 3-exo,6-exodibromo-5-endo-hydroxy-3-endo-nitro-7-oxabicyclo[2.2.1]heptane-2-exo-carboxylate, C 8 H 9 Br 2 NO 6 , (VI). The hydrogenbonding motif in all five compounds is a chain, formed by O-HÁ Á ÁO hydrogen bonds in (III), (IV), (V) and (VI), and by O-HÁ Á ÁN hydrogen bonds in (II). All compounds except (III) contain a number of BrÁ Á ÁBr and BrÁ Á ÁO halogen bonds that connect the chains to each other to form two-dimensional sheets or three-dimensional networks. None of the compounds features intramolecular hydrogen bonding between the alcohol and nitro functional groups, as was found in the related compound (AE)-methyl 3-exo,6-exo-dichloro-5-endohydroxy-3-endo-nitrobicyclo[2.2.1]heptane-2-exo-carboxylate, (I) [Boeyens, Denner & Michael (1984b) . J. Chem. Soc. Perkin Trans. 2, pp. [767] [768] [769] [770] . The crystal structure of (V) exhibits whole-molecule disorder.
Comment
Although hydrogen bonding between hydroxy and nitro groups is not uncommon (Desiraju, 2002) , intramolecular hydrogen bonding between these groups is largely confined to systems in which they find themselves in enforced proximity, as in 2-nitrophenols (Baitinger et al., 1964; Heintz et al., 2007; Litwinienko et al., 2009) . We have been interested in hydrogen bonding in nitronorbornanol systems for several years (Boeyens et al., 1984a; Michael et al., 1994) . In particular, when both groups are constrained to occupy the endo cavity of the norbornane skeleton, the likelihood of intramolecular hydrogen bonding is high, as we have found, for example, in 3-exo,6-exo-dichloro-5-endo-hydroxy-3-endo-nitrobicyclo[2.2.1]-heptane-2-exo-carbonitrile, (I) (Boeyens et al., 1984b) . We previously determined the room-temperature crystal structure of the corresponding dibromo compound 3-exo,6-exo-dibromo-5-endo-hydroxy-3-endo-nitrobicyclo[2.2.1]heptane-2-exo-carbonitrile, (II) (Blom et al., 1980) , but owing to the limitations of the techniques available at the time, we were unable to locate H atoms and to establish unambiguously whether or not the hydrogen bonding was intramolecular. We report here a redetermination of the crystal structure of compound (II) at low temperature, as well as the structures of three analogous dibrominated endo-nitronorbornanols, (III)-(V), and the related 7-oxanorbornanol, (VI), in order to elucidate their hydrogen-bonding patterns and to establish whether there is any intra-or intermolecular hydrogen bonding between the alcohol and nitro functionalities.
The distances and angles within the five compounds reported (Fig. 1 ) are generally as expected (Allen et al., 1987) . In all five structures, hydrogen bonds play a part in controlling the supramolecular assembly of the molecules (Desiraju, , 2002) . All five compounds contain an alcohol group and a number of good hydrogen-bonding acceptor functional groups including nitro, ester and ether units as well as Br atoms. Furthermore, a number of halogen-type C-BrÁ Á ÁA (A = Br or O; Metrangelo et al., 2005) interactions are also present (Fig. 2) .
Compound (II) crystallizes in the polar space group Cc. The O1-H1Á Á ÁN2 hydrogen bond forms a C(8) (Bernstein et al., 1995) (Fig. 3) and by a Br1Á Á ÁBr2 halogen interaction (Table 6 ) along the [100] direction to form a threedimensional network.
In compound (III), the O1-H1Á Á ÁO2 hydrogen bond forms C(7) chains along the [010] direction, containing molecules related by the twofold screw axis along (0.5, y, 0.75) (Fig. 4) . Compound (III) has no short BrÁ Á ÁBr contacts and does not form a higher-dimensional network.
In the crystal structure of compound (IV), C(8) chains are formed along the [110] direction, utilizing the O1-H1Á Á ÁO4 hydrogen bond (Fig. 5a ). Adjacent chains of this type are connected to form a three-dimensional network by Br2Á Á ÁBr2 interactions along the [001] direction and by Br1Á Á ÁO1 interactions along the [010] direction (Table 6 , and Figs. 5a and 5b).
The entire molecule of compound (V) is disordered over two sets of atomic positions and the two parts, labelled A and B (Fig. 1) , have equal site-occupancy factors. The only substantial conformational difference between the two disorder components is the orientations of the aromatic rings relative to the nitronorbornanol unit. Molecule A has torsion angles of À46.9 (15) (C7A-C10A-C17A-C22A) and 120.9 (12) (C7A-C10A-C11A-C16A), as compared to angles of À61.3 (14)
(C7B-C10B-C17B-C22B) and 139.4 (12) (C7B-C10B-C11B-C16B) in molecule B. Nonetheless, the intermolecular hydrogen and halogen bonding is similar between the two molecules (Tables 4 and 6 ). The O1A-H1AÁ Á ÁO3A hydrogen bond in molecule A forms C(7) chains from alcohol atom O1A to nitro atom O3A. The chains run along the [010] direction (Fig. 6) , generated by the organic compounds Acta Cryst. (2011). C67, o288-o293
Lemmerer and Michael Five endo-nitronorbornanol compounds o289 Figure 2 The three types of halogen bonding observed in this study of nitronorbornanols.
Figure 1
The molecular structures and atom-labelling schemes for (a) (II), (b) (III), (c) (IV), (d) molecule A of (V), (e) molecule B of (V) and (f) (VI). Displacement ellipsoids are drawn at the 50% probability level and H atoms are drawn as small spheres of arbitrary radii. twofold screw axis in the space group P2 1 /c. The molecules within the chains are further connected by Br2AÁ Á ÁO3A halogen bonds (Table 6 and In the crystal structure of compound (VI), the O1-H1Á Á ÁO4 hydrogen bond forms C(8) chains along the [101] direction (Fig. 7a) . Adjacent hydrogen-bonded chains are connected by Br1Á Á ÁO1 interactions along the [100] direction to form sheets (Fig. 7a ). Two adjacent sheets are then connected by Br2Á Á ÁBr2 halogen bonds along [010] (Table 6) to form bilayers of sheets (Fig. 7b) .
Compound (II), which is the dibromo analogue of (I), does not contain an intramolecular O-HÁ Á ÁO(nitro) hydrogen bond as observed in (I). Instead, it forms a C(8) hydrogenbonded chain with the nitrile N atom as acceptor on a neighbouring molecule. Nonetheless, the O atoms of the nitro group are utilized in intermolecular interactions, in this case halogen bonding with the Br atoms to form two-dimensional sheets which are further linked into a three-dimensional network via BrÁ Á ÁBr interactions. Compound (III) has the nitrile group replaced by a phenyl group, and this seems to have an influence on the lack of any halogen bonding observed in (III) because of the steric increase of the phenyl group next to one of the Br atoms. The absence of any good hydrogen-bonding acceptor at the 2-position leaves only the nitro group or the alcohol O atom as candidates and, indeed, in (III), there is an intermolecular O-HÁ Á ÁO(nitro) hydrogen bond forming C(7) chains. Similar chains are formed by (V), which at the same time uses the second O atom of the nitro group in halogen bonding to strengthen the chain motif. Compounds (IV) and (VI) have the same intermolecular hydrogen bonding from the alcohol to the ester carbonyl The C(7) hydrogen-bonded chain of (V). Note how the halogen bonding connects every second molecule involved in hydrogen-bonded interactions within the chain (by translation only). Only the hydrogen bonding of molecule A is shown. Molecule B has similar interactions but is not shown in the figure. Atoms marked with the superscripts 'i' and 'ii' are at the symmetry positions (Àx + 1, y + The C(7) hydrogen-bonded chain of (III). Atoms marked with the superscript 'i' are at the symmetry position (Àx + 1, y + group, and similar packing of the chains into larger architectures. (IV) has chains connected in three dimensions by the halogen-bond interactions, whereas (VI) has bilayers of hydrogen-bonded sheets using similar BrÁ Á ÁBr and BrÁ Á ÁO interactions. The halogen bonds observed in these compounds all have XÁ Á ÁA distances less than the van der Waals radii sum (3.70 Å for BrÁ Á ÁBr contacts and 3.37 Å for BrÁ Á ÁO contacts).
Experimental
The syntheses and spectroscopic characterization of the five compounds (II)-(VI) by bromination of the corresponding endonitronorbonenes have been reported previously (Michael et al., 1991) . In these syntheses, transannular neighbouring group participation by the nitro group during bromination of the alkene bond is responsible for the introduction of the endo-hydroxy group in a regiospecific and totally stereoselective manner. Crystals of (II) were grown from methanol, (III) from benzene, (IV) from benzene, (V) from ethyl acetate/hexane (1:1 v/v) and (VI) from acetone, all by slow evaporation.
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The whole-molecule disorder of (V) was modelled by finding alternative positions for all the atoms in the molecule. The corresponding bonded distance and the one-angle nonbonded distances in the two disorder components were restrained to have the same values, subject to s.u. values of 0.005 and 0.01 Å , respectively. The atomic displacement parameters were restrained to be equal for each of the atom pairs C1A/C1B, C2A/C2B, C3A/C3B, C5A/C5B, O1A/ O1B, C6A/C6B, C7A/C7B, C8A/C8B, C9A/C9B, O2A/O2B, O3A/ O3B, C10A/C10B and C11A/C11B. Refinement of the site occupancies gave values of 0.501 (8) and 0.499 (8): the occupancies were thereafter both fixed at 0.50. For all compounds, all C-H atoms were refined using a riding model, with distances of 0.95 (aromatic), 1.00 (aliphatic CH), 0.99 (CH 2 ) and 0.98 Å (CH 3 ), and with U iso (H) = 1.2U eq (C) or 1.5U eq (C). H atoms on O atoms which are involved in hydrogen-bonding interactions were located in difference maps for all compounds except (IV) and (V) (which were refined using a riding model) and their positions allowed to refine freely, with U iso (H) = 1.5U eq (O) for all compounds. The value of the Flack x parameter (Flack, 1983) for (II), viz. 0.003 (19), confirms the correct orientation of the structure with respect to the two polar-axis directions in the space group Cc.
For all compounds, data collection: SMART-NT (Bruker, 1998); cell refinement: SAINT-Plus (Bruker, 1999); data reduction: SAINTPlus; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 1997) and DIAMOND (Brandenburg, 1999) ; software used to prepare material for publication: WinGX (Farrugia, 1999) and PLATON (Spek, 2009 Table 3 Hydrogen-bond geometry (Å , ) for (IV). 
Table 4
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